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EFFECTS OF A SERIES OF INBOARD PLAN-FORM
MODIFICATIONS ON THE LONGITUDINAL CHARACTERISTICS OF TWO
47° SWEPTBACK WINGS OF ASPECT RATIO 3.5, TAPER RATIO 0.2,

AND DIFFERENT THICKNESS DISTRIBUTIONS AT

MACH NUMBERS OF 1.61 AND 2.01

By Morton Cooper and John R. Sevier, Jr.
SUMMARY

Tests of a series of inboard plan-form modifications to two 470 swept-
back wings of aspect ratio 3.5 and taper ratio 0.2 were conducted in the
Laengley 4- by L-foot supersonic pressure tunnel at Mach numbers of 1.61
end 2.01. One wing had 6-percent-thick hexsgonal airfoil sections of con-
stant thickness ratio along the gpan; the other wing had the same 6-percent-
thick sections outboard of the 4O-percent-semispan station, but the sec~
tion thickness increased linearly to 12 percent at the model center line.
Inboard plan-form modifications were made by linearly extending the local
chord, forward or rearward, from the 4O-percent-semispan station to the
model center line., Forward or rearward exteunsions of one-third or two-
thirds of the baslc center-line chord were tested in various combinstions

on each wing. .

The results indicated that in all cases the addition of the exten-
sions reduced the actual minimum drag (for a given absolyte . thickness)
by an smount which was estimated reasonsbly well theordticalf¥. *Although
the lift-curve slopes of the modified wings (when based on wing sreag ’
including extensions) were reduced as anticipated, in all cases, a net
increase was realized in maximum lift-drag ratio for the extended-chord
configurations.

A specific comparison of two wings of 6-percent-chord. thickness, that
is, the basic 6-percent-thick wing and the 12-percent~thick wing with
1/3 forward and 2/3 rearward extensions, indicated that the extended
12-percent-thick wing had, at a Mach number of 1.61, about 6 percent
higher lift-drag ratioc and only 4 percent more minimum drag. Similer
gains were present at s Mach mumber of 2.0l. These gains are further
enhanced by a volume increase of 67 percent for the extended-chord model.
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INTRODUCTION

In the design of aircraft and their components, aserodynamic consid-
erations tempered with practical requirements combine to dictate the
f£insl configurstions. For exsmple, in a recent design study of a tran-
sonic bomber (scme contemplated wing configurations are presented in
references 1 and 2), it was found experimentally that increasing the
wing volume by increasing the inboard section thickness ratios could be
accomplished without subsonic penalties in minimum dreg or maximum 1ift-
drag ratio. To be specific, a comparison was made of the aerodynemic
characteristics of two wings of identical plan form (sweepback of quarter-
chord line 47°, taper ratio 0.2, and aspect ratio 3.5), one wing having
6-percent-thick alrfoll sections and the other wing having the 6-percent-
thick sections outboard of the 40-percent-semispan station but with sec-
tion thickness linearly increasing to 12 percent at the model center
line. The results indicated that no penality was incurred in maximum
1ift-drag ratio (reference 2) up to a Mach number of 0.88 for the thicker
wing in spite of ite 25 percent greater volume. At the supersonic speeds
(refs. 2, 3, and 4), however, the effect of the larger wave drag of the
thicker wing (a quantity which was accurately estimated by a strip theory)
wag clearly evident in reduced lift-drag ratios. Because of the practical
advantages of the thicker inboard sections, a further.investigation of
this type of wing was considered warranted at supersonic speeds in an
attempt to mailntain its adventages at these speeds. ’

Since the primary difficulty of the thicker wing was associlated
with its 1Increased inbocard thickmness ratio and the consequent greater
wave drag at supersonic speeds, two wing models were constructed whereby
it was possible to increase the inboard chords and thereby to decrease
the local thickness retios. The two basic wings were identical to those
previously tested in references 2 to 4 except that, for construction
simplicity, symmetrical hexagonal sections were used. For each wing,
one-third of the local chord was removable, forward or rearward, in the
inboard 40 percent of the wing semispan. Insert extensions of one-third
or two-thirds of the basic center~line root chord were provided and each
wing was tested with various combinations of forward end resrward exten-
sions. For all configuratlons, the extensions increased the inboard
chords without chenging the wing thickness; the extensions therefore
reduced the local thickness ratios fraom that-of the basic wing in all
cases.

The purpose of the present paper is to present the aerodynamic chér-
acteristics in pitch of these wing configurations for angles of attack
up to approximately 8°. The tests were conducted principally at Reynolds

numbers of 2.68 x 106 and 2.20 x 10 (based on the mean serodynamic chord
of the basic wing), and for Mach numbers of 1.6l and 2.0l, respectively.

CONFIDENTIAL



NACA RM L53EOTa CONFIDENTIAT 3

SYMBOLS

Free-stream conditions:

M Mach number

q dynamic pressure

Wing geometry:

S area extended through the fuselsage

b span

A aspect ratlo, v2/s

c airfoil chord at any spanwise station

¥ spanwise dilstance measured from the plane of symmetry of the
wing

b/2

T mesn serodynsmic chord, % J; cedy

a angle of attack

Force data:

L 1ift

D drag

Cr, 1ift coefficient, L/qS

CLopt 1ift coefficlent at maximum lift-drasg ratio

Cp drag coefficient, D/qS

Cp min minimum drag coefficient

Cm pitching-moment coefficient gbout a line perpendicular to plane
of symmetry and passing through 25-percent position of mean
gerodynamic chord

C.p. center of pressure
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qu lift-curve slope, per deg or per radilan

qqz pitching-moment-curve slope

WING DESIGNATION

In order to identify the wing configurations tested, a three-unit
numbering system has been adopted, each unit being separated from the
others by a dash. The first number (6 or 12) designetes the center-line
thickness in percent chord of the baslc swept wing; the second number
(O, 33, or 67) designates the percentage by which the basic center-line
chord is extended by the forward insert; and the third number (O, 33,
or 67) deslgnates the percentage by which the basic center-line chord
is extended by the rearward insert. Thus, the designation 6-0-0 refers
to the basic 6-percent-thick wing; whereas the designation 12-33-67
refers to the 1l2-percent-thick basic wing having a 33 percent forward
and a 67 percent rearward extension at the root. In cases where a given
nunber is variable, the number will be replaced by an X. Thus, When
curves are plotted as a function of leading-edge extension, the designa-
tion will be 6-X-67.

APPARATUS
Tunnel

The tests were conducted in the Langley 4~ by L4-foot supersonic
pressure tunnel which is a rectangular, closed-throat, single-return
wind tunnel designed for e nominal Mach number range from 1.2 to 2.2.

The test-section Mach number is varied by deflecting horizontal flexible
walls against a series of fixed interchangeeble templates which have been
designed to produce uniform flow in the test section. For the present
investigation the test section Mach numbers were 1.61 and 2,0l; the test
section heights were 4.4 feet and 5.1 feet, respectively; and the tumnel
width was 4.5 feet.

Model

The test model consisted of either of two swept wings (6-X-X or
12-X-X) mounted on an ogive cylinder fuselage (fig. 1) which housed an
internal strain-gage balance. The model was sting supported as indicated
in figure 1. The angle of attack was measured optically during each test
and was varied by rotating the model about the balance moment center.
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Wings.- The wings were constructed as indicated in figure 2. Out-
board of the 4O-percent-semispan station, both wings were constructed of
steel and had 6-percent-thick 1/3-1/5-1/3 symmetrical hexagonal airfoil
sections (fig. 1). Inboard of the 4O-percent-semispan station, the two
parallel sides of the hexsgonal section (fig. 2) were extended to the
side of the fuselage. The airfoil sections in this inboard 4O percent
of the semispsn were completed by the addition of any combination of the
forward and rearward inserts shown in figure 2. Each of the inserts
increased the basic center-line chord of the X-0-0 wing by & percentage
specified by its designation. Thus, an extension designated 33 (forward
or rearward) increased the center-line chord of the basic wing by 33 per-
cent. When the same extensions of the same designation were added for-
¥ard and rearward, the airfoil section remained at 1/3-1/3-1/3 hexagon

fig. 1).

Two sets of wings and insert sectlons were tested. One wing with
basic inserts (X-0-0) had the 6-percent-thick hexagonal sections extended
to the fuselage and thus is designated the 6-0-0 wing. The second wing
with besic inserts was identical in plan form, but had linearly increasing
airfoil thicknesses from 6 percent at the 4O-percent-semispan station to
12 percent at the fuselage center line thereby forming the 12-0-0 wing.
Since each of the 6-X-X and 12-X-X wings could be tested with 9 combina-
tions of inserts, there were a total of 18 wing configurations.

Figure 3(a) shows the basic 6-percent-thick wing (6-0-0) and fig-
ure 3(b) shows the 6-percent-thick wing with the 33 percent forward
and 67 percent rearward extensions (6-33-67).

Fuselage.- The fuselage was an ogive cylinder combination (fig. 1),
the ogive having a fineness ratio of 3.5. A six-component strain-gage
balance (ref. 5) was housed within the fuselage. For this investigation,
only normal force, chord force, and pitching moment were analyzed.

TESTS

Basic deta.~ All wing configurations shown in figure 4 were tested
at a Mach number of 1.61 through an angle-of-attack range from sbout -2°
to 8°. The Reynolds number (based on the mean serodynsmic chord of the
X-0-0 wing) was, wilth the exception of several isolated test conditions,

2.68 x 106. TFor seversl of the configurations with the larger extensions
it was necessary to reduce the stagnetion pressure to prevent overloading

the balence; the Reynolds number for these test conditions was 2.20 X 106,
A check test of the 6-0-0 wing at both Reynolds numbers, however, indicated
no measurable effect of this slight Reynolds number change.
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In order to establish Mach number variations, the extreme configu-
rations shown in the cormer sketches of figure 4 (those configurastions
having basic inserts, 67-percent extensions, or & combination of both)

were tested at a Mach number of 2.0l and & Reynolds number of 2.20 X 106.

Preliminary tests.- Prior to the start of the msin program, several
preliminary tests were made on the 12-0-0 and 12-67-33 wings without the

sting block, with a 2%-inch-diameter sting block, and with the 3-inch-

dismeter sting-block shown in figure 1. In sll cases the data, when
corrected to free-stream static pressure, agreed within the limits of
reproduclibility. For all data presented, the 3-inch-diameter sting-
block was installed since for this condition the correction of the base
pressure to free-stream static pressure (which was applied to all data)
was a minimum,

THEORETICAL, CALCULATIONS

Drag at Zero Lift

The dreg at zero lift of each wing-body configuration was calculated
as the sum of the individual drags of the body and the exposed wing. B
Interference between the wing and body was neglected inasmuch as the
body is cylindrical in the zone of influence of the wing and hence can
experlence no pressure drag in this region. Furthermore, the wing
operates in a flow field which 1s essentially uniform. The pressure
drag of the body was calculated by means of the linear theory as presented
in reference 6 and the skin friction was estimated by the extended Frankl-
Voilshel method discussed in reference 7. Turbulent skin friction was
assumed for the body on the basis of drag measurements made for several
Reynolds numbers on a similar body (ref. 3).

The wave drags of the basic wings (X-0-0) were calculated by linear
theory by a procedure similar to that outlined in reference 8. The wave
drags of the wings having inboard extensions were estimated by a strip-
theory calculatlion - two-dimensional thickness corrections were applied
to the basic wing to allow for the thickness changes as the lnserts were
added, No correction was masde for the plan-form chenge. The skin friction
of the wing was assumed, somewhat arbiltrarily, to be laminar and was
calculated by the method of reference 9. '

Lifting Characteristics

The 1ift-curve slopes of the wing-body combinstions were estimated
by the method of reference 10. In the application of this method several
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simplifying assumptions (as will be discussed) were made to avoid pro-
hibitively lengthy calculetions.

Wing 1ift-curve slope.- The lift-curve slopes of the baslic wing
(X-0-0) alone were determined from references 11 and 12; it is to be
noted that for the Mach mumber 1.6l case the leading edge of the wing
was essentlaelly sonic. Since the basic trailing edge is supersonic at
both Mach numbers, the additionsl 1ift on the rear inserts (when no
forward extensions are present), and hence on the wing, is given by the
integration of the theoretical linear pressures over the inserts. In
order to estimate the effect of the forward extension (no rearward exten-
sions present), the reverse flow problem (ref. 13) was considered. In
this reverse flow, the insert (fig. 4) lles behind a sonic edge for
M = 1.61; and, in eddition, its own trailing edge is subsonic so that
it was assumed (for this Mach number) that the loading on the insert was
small and could be neglected. Hence, the total 1ift on the X-X-0 wings
1s assumed to be the same as that of the X-0-0 wings for a Mach number
of 1.61 (that is, the forward insert is ineffective for producing 1ift).
No calculations are presented for M = 2,01 for the forward extension
condition because this reascning does not apply. By means of similsr
reasoning, the effects of combinations of forward and rearward extensions
were obtalned.

Wing-body lift-curve slope.- In computing the lift-curve slopes of
the wing-body combinatlions, 1t was assumed that the inboard section of
the wing plan form was of primary importance in determining the effective
1ift carry-over. Hence, the 1ift carry-over was camputed for a wing of
zero taper ratlo having the same sweep of the leading and treiling edges
as given by the insert sections. It is to be noted that for configura-
tions having the basic forward insert, this assumption entails no further
approximations than those inherent in reference 10.

Drag due to lift.- Because of the relative sharpness of the wing
leading edge and minor role of subsonic leading edges in the present
configurations, the drag due to 1ift was assumed to be given by the
component of the normal force in the drag direction.

RESULTS AND DISCUSSION

Basic data (figs. 5 to 10).- The basic 1lift, drag, and lift-drag
ratio data for the 6-X-X wing and the 12-X-X wing are presented as a
function of angle of attack in figures 5 and 6, respectively, for Mach
numbers of 1.61 and 2.01. In addition, the lift-drag ratlos have been
plotted as a function of 1ift coefficient in figures 7 and 8. All the
data presented in these figures as well as in succeedlng figures are
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tabulated 1in teble I. A summary of the individusl wing characteristics
(such as minimum dreg and 1lift-curve slope) is presented in tables II
and III. The predicted reduction in minimum drag coefficient and the
increase in maximum lift-drag ratio with the addition of extensions is _
clearly evident fram figures 5 to 8 and table II. These points will
become more evident in subsequent summary plots.

The pitching-moment characteristics of the 6-X-X wing and the
12-X-X wing are presented in figures 9 and 10, respectively. BSince each
insert section was assumed to form a new wing, & new moment center refer-
enced to the quarter-chord point of the mean serodynamic chord of each
wing was used to reduce the data. This referencing lesds, in many cases,
to the anomalous result (a fact which is most evident for the X-X-0 wings)
that the forward extensions increase stebility and rearward extensions
decrease stabllity. This 1s, in reality, an effect resulting from the
fact that the moment axis changes more rapidly than the physical center
of pressure, as is evident from the center-of-pressure data elso pre-
sented in figures 9 and 10.

Minimum drag coefficilents (fig. 11).- The minimum drag coefficients
of all the wing configurations have been correlsted as a function of the
sum of the forward and rearward extensions in figure 11. This procedure
is consistent with the initisl theoretical assumption that the extensions
would introduce primarily a thickness effect. In figure 11(a) the data

have been nondimensionalized in terms of the individual wing areas; whereas

in figure 11(b), the area of the X-0-0 wing has been used throughout.
Hence, these latter coefficients (fig. 11(b)) are equivelent to direct
forces.,

Figure 11(a) indicates that the drag results correlate quite well
with the thickness-correction concept, deviating primarily for the larger
Insert combinations as might be anticipated. The experimental dats are
considerably below the theoretical curves but this is a deficlency of the
theory in predicting the basic wing (X-0-0) characteristics rather than
in predicting the effects of the extensions on the basic wing character-.
istics. This 1s aepparent since, when the theoretical curve is adjusted
arbitrarily by so shifting the curve that theory and experiment agree
for the basic wing, the estimated correlation curve is quite good. Hence,
it can be concluded that, for a given basic wing of known charscteristics,
the effects of inboard plan-form extensions on the drag can be estimsted
reasonably well. B i

It 1s of practical interest to note from figure 11(b) or tables IT
and III the results for a specific illustrative comparison at a Mach
number of 1.6l. For example, the 12-33-67 wing cen be compared with
the 6-0-0 conventional wing, observing, of course, that both wings
have 6-percent-thick sections throughout. It is to be noted that the
slight difference in airfoil section of the two wings in the inboard
reglon introduces (based on two-dimensionsl linear theory calculetions)
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a negligible effect on this minimm drag comparison.

Wing designation “Dmin CDminx.o-o

6-0-0 . 0.0238 0.0238
12-33-67 .0186 .0248

Hence, the 12-33-67 wing, while having only 4 percent more minimum drag
(a 21-percent lower drag coefficient) than the more conventional

6-0-0 wing, has 67 percent more wing volume, a parsmeter of the utmost
practical importance.

Drag due to 1lift (figs. 12 and 13).- The drag-due-to-lift parameter
is presented in figures 12 end 15 for the 6-X-X wings and 12-X-X wings,
respectively, as a function of forward extension for constant values of
trailing-edge extension. At a Mach number of 1.61, the results for both
wing families are qualitatively the ssme. In all cases (figs. 12(b)
and 13(b)) the drsg-due-to-lift parsmeter is less than the reciprocal of
the experimental lift-curve slope (in rediens) indicating that the
resultant force on the alrfoil due to incidence 1s ineclined forward of
the normsal to the chord. The comparison of the experimental drag-due-
to-1ift parameter with the reciprocal of the theoretical lift-curve slope
(figs. 12(a) asnd 13(a)) for a Mach number of 1.61 is misleading in the
exceptional asgreement indicated in view of the results of figures 12(b)
end 13(b). This coincidental agreement arises (as will be established)
because the theoretical 1ift-curve slopes are too great and thereby
compensate for the forward inclination of the resultant force vector
previously mentioned. The date at a Mach number of 2.01 indicate,
perhaps, a less forward inclination of the resultant force (possible
exception being 12-0-0 and 12-0-67) than at a Mach number of 1.6L but in
general are too incomplete to warrant a more positive observation.

Lift-curve slope (figs. 14 and 15).- The lift-curve-slope data
(figs. 1k(a) and 1%(b)) for both the 6-X-X and 12-X-X wing series show
considerable overestimation of the experimental results by the theory
at a Mach number of 1.6l with a considerably better estimate, at least
for the basic wings (X-0-0) at a Mach number of 2.0l. The improved agree-
ment at M = 2.01 coupled with the fact that the overestimation at
M=1.61 is a meximum for the basic leading edge (and all trailing edges)
indicates that the main difficulties are, perhaps, associated with the
sonic leading edge at M = 1.6l. The theory (M = 1.61), when adJjusted
to correspond to the experimental date of the basic wing, reasonsbly
estimates the effects of the extensions; however, the discrepancles still
remain significant because only small differences are sought in the first
place. Regarding the theoretical assumption (M = 1.61) that the rearward
extension is more effective in producing 1ift than the forward extensions,
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the data of figures 14(b) and 15(b) (or table III) appear to substantiste
thls contention. However, it must be noted that, theoreticelly, the
wing-body carry-over effect of the rear extenslon is larger and hence

mey account for g signlficant part of the added effectiveness. In any
case, although the experimental data are not conclusive as to the velidity
of the detalled assumptions, the result that the rearward extension is
more effective is substaentisted even for a Mach number of 2.01.

Maximum 1ift-drag ratio (figs. 16 and 17).- The data for the maximum
1lift-drag ratio presented for both wing families in figures 16 and 17
indicate that the adjusted theory quite reasonably predicts the effects
of the chord extensions except perhaps for the combinstions of large
extensions. In all cases, the addition of the extensions improved the
maximum 1lift-drag ratio and reduced the 1lift coefficient for maximum
lift-drag ratio.

To be specific, again compare at a Mach number of 1.61 the same two
6-percent-thick wings discussed previously:

Wing designation (L/D)pax CLoPt N
6-0-0 5.88 0,260
12-33-67 6.29 .213

Here agailn the advantages of the extended-root-chord wing are
evident. The 12-33-67 wing (having 67 percent more volume) has sbout
a 6 percent higher maximum 1lift-drag ratio occurring at a lower 1lift -
coefficient and with only 4 percent more minimum drag. Similar gains
would be anticipated at e Mach number of 2.0L. This increase in maximum
lift-drag ratioc eppears to be a plan-form effect rather than a Reynolds
number effect on skin friction (associated with the extended chord of
the 12-33-67 wing) since calculations made on the assumption of turbulent
flow on the wings show no material effect on the comparison.

Two additional points of general interest remain to be noted. The
flirst 1s that these data were obtalned from relatively crude models
designed to facllitate the testing of various arrangements. The results,
therefore, are to be applied more for indicating trends than for the
specific numbers presented since, with the use of better sirfoll sectioms,
improvements in maximum lift-drag ratio could be realized. Secondly,
these data were obtained solely for supersonic speeds, and hence, in the
ebsence of transonic data, no definite concluslons can be drawn concerning
the possible application of these ideas to configurations which may be
designed primarily for transonic use with short periods of supersonic

flight.
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Pitching-moment-curve slopes (figs. 18 and 19).- The pitching-
moment-curve slopes (figs. 18 and 19) reflect the difficulty (mentioned
previously) in treating each configuration as a separate wing amd in
relocating the moment axis for each wing. The centers of pressure for
a representative angle of attack, however, show the anticlipated rearward
shift with the addition of rearward extensions and the forward shift
with the addition of forward extensions.

CONCLUDING REMARKS

Tests of a series of inboard plan-form modifications to two
h7° sweptback winge of aspect ratio 3.5 and taper ratio 0.2 were con-
ducted in the Lengley 4- by k-foot supersonic pressure tunnel at Mach num-
bers of 1.61 and 2.01l. One wing had 6-percent-thick hexagonal airfoil sec-
tions of constant thickness ratio along the span; the other wing had the
same sections outboard of the 4O-percent-semispan station but with thick-
ness linearly increasing to 12 percent at the model center line. Inboard
plan-form modifications were made by linearly extending the local chord,
forward or rearward, from the LO-percent-semispan station to the model
center line. Forward or rearward extensions of one-third or two-thirds
of the basic center-line chord were tested in various combinations on

each wing.

The results indicated that, in all cases, the addition of the
extensions reduced the actusl minimm drag (for a given absolute thick-
ness) by an asmount which was estimated by theory reasonsbly well.
Although the lift-curve slopes of the modified wings (when based on
wing sreas, including extensions) were reduced as anticipated, there was,
in all cases, s net increase in maximum lift-drag ratio for the extended-
chord configurations.

A specific comparison of two wings of 6-percent thickness, that is,
the basic 6-percent-thick wing and the 12-percent-thick wing with
1/3 forward end 2/3 rearward extensions, indicated that the extended
12-percent-thick wing had, at a Mach number of 1.61, ebout 6 percent
higher lift-drag ratioc and only U4 percent more minimum drag. Similar
gains were present at a Mach number of 2.01. These gains are further
enhanced by a volume increase of 67 percent for the extended-chord model.

Lengley Aeronsutical Laboratory,
National Advisory Committee for Aeronsutics,
Lengley Field, Va., May 14, 1953.
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TABLE I.- BASIC DATA

M=1.61 M=2.01
o, deg| O, L/D | % ||a, deg| Cr| Op | L/D| Cu
Wing 6-0-0
0.13 {0.008{0.0238| 0.34[-0.0021}}|-0.07 {0.002{0.0213| 0.07| 0.0000
-1.85 |-.088| .0262|-3.36| .0147|| 1.88 | .083| .o24k4} 3.40| -.0137
k,12 | .210{ .0369| 5.68| -.0415|| 3.08 | .131] .0284 L.60| -.0215
6.07 | .306] .0527| 5.81| -.0615{| 4.18 | .173| .0340| 5.08] -.0279
8.02 | .400| .0753| 5.32| -.0789!]| 5.08 | .207| .0397| 5.21| -.033L
10.02 | .488] .1047| 4.66] -.09091| 5.97 | .2k0| .0465| 5.17{ -.0378
7.08 | .35%| .0635{ 5.57| -.0707|| 6.88 | .278| .0549| 5.06| -.0L26
5,13 | .260| .okk2| 5.87| -.0519|| 8.25 | .%29| .0695{ L4.73| -.0483
2,15 | .107| .0268{ 3.99 | -.0194 | 9.22 | .361| .0805| k.k9| -.051k
.20 | .010( .0238| .43[ -.0022}|-1,85 |-.076] .0240|-%3.16] .0125
.03 | .002] .0219] .11| -.0002
Wing 6-33-0
0.12 [0.007{0.0206| 0.36 |-0.0029
2.13 | .100| .0232| 4.32 | -.0303
h,oo | .199| .0333| 5.98 | -.0615
6.25 | .295| .0501| 5.89 | -.0903
8.28 | .382| .0735| 5.20 | -.1137
7.28 | .340} .0611| 5.56 | -.1028
5,28 | .249| .ok11| 6.06 | -.0766
-1.92 |-.087| .0230{-3.76| .0246
.13 | .007| .0205| .33 ]| -.0026
Wing 6-67-0
0.08 [0.006]0.0186] 0.31 |0.0030 || 0.02 |0.002]/0.0166| 0.11|-0.0010
-2.15 |-.087| .0212 |-4.11| .0%01}| 2.35 | .085| .0202| 4.22| -.0288
2,15 | .092| .0210| 4.37 | -.0337 || 4.18 | .151| .0276| 5.48| -.0496
4,30 | .190| .031%| 6.06 | -.0700 || 5.32 | .190| .0345| 5.50| -.0613
5.30 | .237{ .0392| 6.03 | -.0863|] 3.25 | .117{ .0232| 5.06| ~.0391
8.05 | .344| .0661| 5.20 | -.1219 {|-2.13 [-.076] .0192 |-3.97| .02k9
7.07 | .306] .0552| 5.54 | -.1103 || 7.57 | .260| .0518] 5.02 | -.0813
6.12 | .266| .0455( 5.85 | -.0968 || 6.80 | .243| 0459 | 5.29| -.0767
1.17 | .049| .0192| 2.53 | -.0182 || 6.15 | .214]| .0395( 5.42| -.0682
.15 | .008] .0186| .4k | -.0038 02 | .002| .0165| .13| -.0012
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TABLE I.- BASIC DATA - Continued
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M=1.61 M =2.01
a, deg/ C, | Op | LD | Cu (la,deg| O | O | /D | Cp

Wing 6-0-33
0.05 |0.005{0.0212| 0.24|-0.0017
-2.00 |-.090| .0236|-3.83 .0231
1.97 | .095( .0232| k.11| -.0252
4,00 | .195| .0322| 6.05| -.0536
5.93 | .288| .ok68| 6.15| -.080k
7.87 | .377| .0673| 5.60| -.1046
6.88 | .333| .0562| 5.93| -.0929
k.98 | .242] .0388| 6.25| -.0673
3.08 | .150| 0274 5.47]| -.0LO6
1.02 | .05L| .0216| 2.34| -.0133
.08 | .006| .0211| .2T7| -.0017

Wing 6-33-33
0.10 |0.0060.0185| 0.34|-0.002k
-1.97 {-.086| .0215{-k.00| .0257
2.15 | .096| .0212( L4.54( -.0298
Y,10 | .188] .0299| 6.28| -.0592
6.12 | .278] .okkg| 6.19| -.08T72
8.15 | .363| .0664| 5.46| -.1117
7.08 | .322) .0547] 5.88] -.1001
5.15 | .234| .0368| 6.36| -.0736
2.15 | .096( .0211| L4.55| -.027h4
3.13 | 141 .024k7| 5.70| -.0440
.07 | 005! .018%| .29| -.0020

Wing 6-67-33
0.05 [0.004[0.0169| 0.26|-0.0021
-2.00 [-.081] .0192|-k.20{ .0270
2.15 | .090| .0193| L.66| -.031k
3.15 | .134| .0230| 5.81] -.0L68
h.23 [ .180] .0285| 6.33| -.0630
5.27 | .223] .0355| 6.28| -.077k
6.32 | .267| 0445 5.99| -~.0920
7.22 | .30k| .0535( 5.68| -.103%9
.13 | .007| .0169| .41} -.0029
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TABLE I.- BASIC DATA - Continued
M=1,61 M=2,01
a,deg| L. | O | L | Ca ||la, deg] O | O | L[| Cn
Wing 6-0-67
0.10 |0.005|0.0192| 0.25}-0.0012(| 0.00 { 0.001|0.0171| 0.07|0.0000
-1.85 |-.083| .0210{-3.95| .0206|| 2.12 .080| .0203| 3.96|-.0191
2.05 | .093] .0212] L,38| -.0231|| 3.02 A1k} ,0229] L.96| -.0271
L.03 | 184} .0295| 6.23} -.0LTTil 3.95 L148| .0268) 5.51|-.0352
h.oo | .227| .0351| 6.46] -.0593}] 4.98 1851 0324k} 5.71f-.04k0
5.88 | .270| .ok25f 6.36] -.0710|| 5.97 .219| .0389| 5.62|-.0518
6.82 | .311| .0509| 6.11} -.0819|| 7.00 2561 .0hT2| 5.43]-,0602
7.80 | .354] .0610| 5.80| -.0929|| 8.10 294 [ ,0572] 5.14]-.068L
3.08 | .141| .o24k7f 5.7L| -.0359|(~1.98 | -.075| .0197|-3.80| .0183
.15 | .007| .0191| .38} -.0017 .07 .002| .0rL70| .1k4|-.0003
Wing 6-33-67
0.12 |0.005|0.0166} 0.30|-0.0016
-1.90 }-.080| .0189{-4.23] .022k
2,10 | .089| .0190| 4.67| -.0254
3,17 | .135{ .0225| 6.01| -.0391
k20 | .178] .0272] 6.55] -.0517
5.08 | .221| .0333| 6.63] -.0642
6.08 | .264| .0o410]| 6.43| -.0763
7.05 | .304| .0497| 6.12] -.0877
15 | .007] .0166) .42 -.0021
Wing 6-67-6T7
- 0.17 ]0.007(0.0153| O.4k4(-0.0025 || 0.00 {-0.002 0.0144{-0.14]0.0006
2.20 | .088| .o177| L.97| -.02811| 2.20 076 | .0L69| 4.51(-.0228
3.18 | .128| .0210| 6.11] -.0k11 || 3.98 1371 .02311 5,94 [-,0L02
ho23 | .172] .0261] 6.59| -.0550 || 6.90 .233 | .0k20| 5.55|-.0667
5.25 | 213} .0%26| 6.54] -.0678 || 8.02 268 | .0519 | 5.17|-.0762
6.28 | .254} .0k06| 6.25| -.0802 || 7.40 .251 | .Ok65 | 5.39 [-.071k
7.30 | .293| .0500| 5.86| -.0920 || 6.02 .206 | .0354] 5.81|-,0591
8.33 | .333| .0611| 5.45| -.1038 || 5.02 1731 .0288| 6.02}-.0503
-1.98 [-.078| .O17h|-k.47| .0241 || 3.02 .107| .0194 | 5.54 (-.0317
.12 | .005| .0153| .31| -.0019 |{-1.98 | -.072 | .0165 |-4.35| .0212
.00 .00L | .0145{ .05]-.0002
'
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TABLE I.- BASIC DATA - Continued
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M=1.61 M= 2.0L
a, deg| CL Cp L/D Cn a, deg| Cr, Cp L/D Cn
Wing 12-0-0
0.13 |0.006{0.0297| 0.20|-0.0018| 0.03 |0.002 0.0266| 0.08[-0.0004
2.05 | .095{ .0323| 2.95| -.01L70|| 2.22 | .090} .0297 3.04| -.0139
4,13 | .197( .oulk| 4.75| -.0369|| 3.05 | .122| .0323| 3.77 -.0186
6.03 | .293| .0562| 5.21| -.0563|| 4.05 | .162| .03T0 4,38| -.0245
8.05 | .384| .0782| 4.91L| -.0T34|| 5.12 | .202 LOh3k! L. 65| -.0299
8.98 | .kz0| .0o911| 4.71| -.0804|| 6.10 | .240| .0511| %.69 -.0349
7.07 | .339| .0666| 5.08| -.0653|| 7.18 | .28L L0608| k.62) -.0398
5.15 | .246| .0483| 5.09| -.0469|| 8.10 | .315| .0TO2 L4, 481 -.043k4
3.22 | .151] .0%66| k.12| -.0271||-2.08 [-.084 .0287|-2.92 .0126
-1.88 [-.087| .0%320(-2.73| .0139 .03 | .001| .0267| .Ok| -.0003
.15 | .005] .0296) .18} -.00LT7
Wing 12-33-0
0.13 |0.006{0.0252| 0.2k |-0.0026
2.13 | 094} .0277| 3.38| -.0280
4,17 | .188| .0363| 5.18| -.0624
6.23 | .284| .0528] 5.37| -.086k
8.30 | 374} 0762 k.91 -.1115
7.28 | .329| .0636| 5.18| -.0995
5.27 | .239| .O4k6| 5.37| -.0T32
3,30 | .1bk7| .0321| 4.57| -.04k3
-1.90 |-.084| .0273({-3.08| .0235
J12- | .005] .0251] .22| -.0023
Wing 12-67-0
0.12 |0.007|0.0216| 0.31(-0.0029{| 0.03 {0.001{0.0191 0.06 |-0.0004
2.10 | .089| .0248| 3.57| -.0323|| 2.37 | .083 .0221| 3.77 -.0276
L.22 | .180| .o341| 5.29| -.0662|| 4.20 | 147} .0292{ 5.02| -.OLTh
6.25 | .267| .0k99| 5.34| -.0963|| 5.28 | .184 .0359 5.1% | -.0590
7.22 | .307| .0593| 5.17| -.1096| 6.35 | .219 .0435| 5.03| -.0691
5.25 | .223| .0kl0| 5.4%| -.0813||-2.17 [-.07T| .0215 -3.56| .0251
3,23 | .136| .0286| L.76| -.0498|| T.25 243 0492 k.95 -.0753
-1.85 [-.075| .0239|-3.15| .0263|| 8.15 | .272| .0576| k.72 -.0834
.12 | .0o7| .0222| .30| -.0029
‘H‘M‘;’F’
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TABLE I.- BASIC DATA - Continued

M=1.61 M =-2.01

C, Cp || Cu o, deg| Cr o | /D | Cn

Wing 12-0-33 "~

0.007(0.02535}] 0.27|~0.0021
-.084| .0277]-3.03 .0211

093] .0278| %.35| -.0243
40| L0311 4.49| -.03%65
187 .0360| 5.20( -.0502
236 | .0k25( 5.55| -.0637
.280| .0501| 5.59]| -.0768
3251 L0595 5.47( -.0896
.371L] .0701| 5.29| -.1019
007 .0252{ .26| -.0019

Wing 12-33-33

0.10 |0.006 {0.0211.| 0.27|-0.0021
-1.83 |-.078| .0232|-3.34| .0230
2,12 | ,090| .0235| 3.82| -.0275
3.23 | ,1h0| .0274] 5.11| -.0435
h.20 | .184] .0323| 5.69| -.0576
5.18 | .229| .0388| 5.89| -.0718
6.17 | 274} .O470| 5.83| -.0858
7.17 | .315| .0565{ 5.57| -.0982

15 | 007! 0211} .35| -.0024

Wing 12-67-33

0.08 |0,005 [0.0187{ 0.25 [-0.0018
2.10 | .086 | .0209| 4,10| -.0298
o7 | .178] .0299| 5.94 | -.0620
6.37 | 264 | 0456 | 5.79 | -.0909
-1.9% [-.078 ] .0209 [-3.71L| .0264

12 | .005| .0186] .25 -.0018
3,12 | .128 | .0241 | 5.31| -.0kk7
5.13 | .21% | .0356| 6.00| -.074s
8.10 | .336 | .06kL| 5.22| -.1140

~ NACA, e
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M=1.61 M=2.01
o, deg| L G | p Co o, deg| Cp Cp |L/p Cn
Wing 12-0-67
0.17 |0.006|0.0223 | 0.25|-0.0013|| 0.05 | 0.001{0,0206 | 0.0%}0.0000
0.02 | .086| .o245]| 3.49| -.0209|| 2.15| .078| .0229| 3.41{-.0180
.00 | .177| .0%320| 5.53| -.0M45|| 3.03 | .110| .0253 | k.34|-.0255
5.92 | .264 .oklk9| 5.88| -.0679|| 4.00 | .145| .0293| 4.9k|-.0335
7.98 | .348| .0639| 5.45| -.0901[| 5.03 | .182| .O34T7| 5.23|-.0419
6.85 | .305| .05%0]| 5.76| -.0790{| 6.00 | .215| .0kO9| 5.26 -.0496
4,98 | .221| .0378| 5.83| -.0561|| 7.08 | .253] .04OL| 5.12|-.0578
-1.85 | -.080| .02u6|-3.24| .0193|| 7.92| .282| .0569| 4.96|-.064L
-1.98 | -.074| .0223|-3.32| .OL75
03| .001] .0206| .Ok| .00OO
_ Wing 12-33-67
0.08 | 0.004 0.0187 | 0.21}-0.0011
2,05 | .083 .0207| 4.00| -.0232
k10| .172| .0284| 6.04| -.0L93
5,03 | .213| .0339| 6.29| -.0615
6.05 | .256] .oklk| 6.17| -.0737
6.97 | .295| .0496| 5.95| -.084T
8.03 | .334 .0599| 5.5T7| -.095L
1.13 | .045| .0191| 2.36| -.0126
-1.90 | ~.0o77f .0207|-3.71| .021k%
Jdo| .oosl .0186| .21| -.0011
Wing 12-67-67
0.15 | 0.005|0.0166 | 0.29(-0.0015{| 0.02 | 0.001]0.0151; 0.050.0001
-1.97 | -.076] .0191|-%.00| .0239{| 2.30| .O74 .OLT8| L4.15|-.02L7
2.10 | .082| .0188| 4.35| -.0257|| k.12 | .134 .0241| 5.57|-.0389
3,17 | .125| .0222| 5.62| -.0395|| 5.22 | .168[ .0298| 5.6k -.0483
L.oo | .168| .0272| 6.17| -.0532|| 6.27] .201] .0366| 5.49|-.0573
5.17 | .206| .0330| 6.24| -.065L[| 7.k3| .236 .O453| 5.21 -.0669
6.27 | .250| .ok13| 6.04| -.0783||-2.10 | -.070 .OLTH|-4.02] .0209
15| .005| .0165) .29| -.0015
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BUMMARY OF CHARACTERISTICS RASED ON TRDIVIDUAL WING AREAS

TVILNHTIANDD

M=1.61 M= 2.01
% * gy | % = Sy

Wiog | g | "o | %o | (P | g | G |l Ve R e B R
6-0-0 | 0.,0238| 0.308 0.0498 | 5.88 |0.260 | ~0.0090 6-0-0 | 0.0215 | 0.43%0 0.0423| 5.20 [0.208] -0.0071
6-0-3% | .0211 302 0478 6.25 240 | -.0123

6-0~67 | 0191 316 0b55 1 6.46 232 | -.on17 6-0-67( .0170 155 03| 5.0 A86 [ -.0060
6-35-0 o% 335 LOhb2 | 6.06 2hg | -,0137
6-33-33 | .0. 340 0450 | 6.36 212 | -0l
6-33~67 | .0166 340 0431 6.63 218 | -.0123 i :
5%67-0 .oigg ggu %2;( 2.07 200 "Olﬁ 6-67-6 L0165 L480 [0%55 5.50 185 | -.0121

7-35 | .0 363 . ) »33 190 | .01 oo ' _
6-67-67 1 .0153 37 C.oko2 | 6.60° A8 | ~.0129 || 6-67-67( .0143 R 0351 6.03 JA69 | -.0102
12<0-0 | .0296 316 .gllt68 5.%.} 298% -.ooeel 12.0-0 | .0265 405 LOobok | B0 240 | -.0063
12-0-35 | 0252 31T o5 | 5. .2 ~.0115
12-0-67 | 0223 323 oz 5.88 262 010 || 22-0-67 .02061] J27 0367 5.26*_ 212 f -.0087
13350 w0zl 3 | obso| 537 | 26| -.02% #
12-33-35 | 0211 .32 0836 5.8 232 ] -.013h 1
12-55-67( 0184 SU6 0k20 6.29 213 | -.01%0
12,670 | 0217 378 .Ok20| 5. 230 -.0150 || 12-67-0 | 0152 158 o9 5.12 A8 ~,0116
12-67-33 | .0187 STh LOb12 ] 6.00 215 -.0142
12-67-67| .0165 389 0%397| 6.25 205 | -.0136 li 12-67-67 | .0151 522 032k | 5.6% 68| -.0098

oe
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TABLE TTL

BIMMARY OF CHARACTERISTICS BAJED ON AREA OF X-0-0 WING

TVILNATIINGD

M= 1.6] M=2.01

% - cnm * - Cbyn *
R Y e B L L T Y e B e B L P L P
6-0-0 | 0.0238 | 0.%08 o.0ug8| 5.88 |[0.260| 0.3 6-0-0|0.0215] o0.k%0 0.0423| 5.20 |0.208] o.h11
6-0-33 | .0235 27 0531 6.25 267 A0
6-0-6T} 0273 259 0556 | 6.6 284 497 6-0-67| -0208 372 OI57T1 5.70 227 480
6-33-0 [ .0208 302 0513 | 6.06 2TT Lot
6-33-33 | .0225 278 0550 | 6.3 259 40
6-33-67 | 0221 262 0575 | 6.63 291, o
6-67-0 | 0227 298 0534 | 6.07 Ll .Eo'rj 6-67-0 | .0202 .353 Ou3h | 5.50 236 .330
6-67-33 | 0225 .2&12 0555 | 6.33 253 J01
6-67-6Tf o2l . 0581 | 6.60 267 b0 6-6T-6T | 0207 332 0507| 6.03 2h Ty o)
1200 | 0206 316 04681 5. 291 Jes 12-0-0 | 0265 Los Okok | kO 240 o2
12-0- 0200 285 0506 | %.60 k] A6o
12-0-67 | .CRT3 26} L0540 5.88 320 490 12.0-67 | 0252 349 O9 | 5.26 259 470
12-33.0 | 0279 308 0500 0 5.37 291 Joz
12-33-33 £ﬁg 280 L0533 | 5.89 284 435
12-35-6T | 260 0560 | 6.29 284 65
12.67-0 | 0065 309 0513 | 5.4 281 373 12-67-0 | 0235 '.399 LOb27 | 5.12 225 .58
12-67:23 L0249 281 0549 | 6.00 28 .305
12-67-67 | .0238 269 0573 | 6.25 29;( 32 w6767 | 0228 361 OLE8 | 5.64 2h3 592

*Fraction of T of X-0-0 wing. @

BLOHEST W VOVN
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Figure 1.- Schematic layout of model. (A1l dimensions in inches unless
: otherwise specified.) - o N A
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Figure 2.~ Wing assembly details.
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(a) The 6-0-0 wing in combination with body.

Figure 3.- Wing-body configurations,
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(b) The 6-33-67 wing in combination with body.

Figure 3.- Concluded.
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Constant leading edge sweep

CONFIDENTIAL

NACA RM L53EQTa

Constant traiing edge sweep B
= A °
- 7067
0
5163
JJZG.‘GZ ] %
Wing designation X-0-0 X-67-0
Areq, sq 1.143 - 1397
Taper ratio 200 120
Mean cerodynamic chord, ft 856 923
Aspect ratio . 3500 — 2860
Center line thickness ratio: -
-X-0 060 036
12-X-0 120 — 072
LLI6.3O°
Wing designation X-0-33 X-£—33 ) X-67-33
Areg, sq 1270 1397 _ 1524
Taper ratio 150 120 - 100 _
Mean cerodynamic chord, ft 782 923 1077
Aspect ratio } 3.150 2860 2620
Center line thickness ratio: -
6-X-33 045 0326 030
12-X-33 0380 072 L 060 . .
—J-%?o ‘ta =3 —I— -
Wing desiguﬁon X-0-67 X-3 - X-67-67
Areq, sq 1397 1.524 . 1651
Taper ratio . 120 100 - 086
Mean aerodynamic chord, ft 923 1077 . 1238 S
Aspect ratioc 860 2620 2420 -
Center line thickness ratio: W
6-X67 036 030 : 026
12-X-67 072 060 : 051

Figure 4.- Geometry of wing-body combinations.
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— . — = £ =
06-0-8?‘ 06-0Q -33/7 06-0-67//7

06-33- 06-33-33 0 6-33-67

26-67-0 26-67-33 A6-67-67

Lift-drog rafio, 5~

60 n H o)} [0 4]
[
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Drag cosfficient,
o—mu»ho&gg

' E u|
e ol a
£
|
_IA 4 I} I 1 -
2 0 2 4 6 8 102 0O 2 4 66 8 02 0 2 4 6 8 10
Angle of attock, ox,deg Angle of attack,o,deg Angle of attack,x, deg
{a) M=18!

Figure 5.- Lift and drag characteristics for 6-X-X wing configurstions.
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Figure 9.- Pitching moment and center-of-pressure characteristics for
6-X-X wing configurations.
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Figure 12.~ Drag due to lift characteristics of 6-X-X wing configurations.
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